Abstract − The isolation of the MeOH extract from the flower bud of Magnolia biondii Pamp. using various column chromatographies and HPLC led to eleven neoglignan derivatives (1 -11). Their structures were mainly determined by 1D and 2D NMR spectral data analysis and physiological methods. The isolated compounds (1 -11) were tested for anti-allergic effects using IL-2 inhibitory assay in Jurkat T cells.
Introduction
Magnoliae Flos is a flower bud of Magnolia biondii Pamp., commonly known as Sin-yi in Korea. It belongs to the family of Magnoliaceae and is widely distributed in Japan, China, and Korea. The flower buds of M. biondii traditionally were used for symptomatic management of allergic rhinitis, sinusitis, and headache in Asia countries 1 
.
Extensive studies have been reported that several secondary metabolites such as lignans, neolignans, sesquiterpends, and terpenoids from this plant have various biological activities [2] [3] [4] . In particular, several types of neolignans have been studied to have antiperoxidative, antimicrobial, cytotoxic, and inflammatory activities [5] [6] [7] . Mast cell-derived interleukin-2 (IL-2) is an essential cytokine for the T-cell immunity, including differentiation and effector functions. This cytokine is also implicated in the generation and maintenance of Treg cells which antagonize immune responses 8 . Recent study showed evidence that IL-2 of mast cell contributes to the suppression of chronic allergic dermatitis by a regulatory mechanism. The secretion of IL-2 by mast cell enhances the proportion of Treg cells at the site of inflammation and decreases the fraction of activated T-cells at the inflammatory site 9 . In our ongoing to find new anti-allergic agents from natural sources, the flower buds of M. biondii have been phytochemically investigated to isolate eleven neolignans (1 -11) . All the isolates (1 -11) were evaluated for their anti-allergic activity by inhibition of IL-2 in Jurkat T cells.
Experimental
General experimental procedures -The optical rotations were measured using a JASCO DIP-1000 spectropolarimeter (JASCO, Tokyo, Japan). The NMR spectra were recorded using a Bruker Advance Digital 500 MHz NMR spectrometer using TMS as the internal standard. Silica gel 60 (Merck, 60 -200 µm) and reversed phase (RP)-C 18 silica gel (Merck, 40 -63 µm) were used for column chromatography (CC). TLC was performed using Merck precoated silica gel F 254 plates and RP-18 F 254s plates. HPLC was performed with a HPLC Waters system (Waters, Middleton, USA): 1525 Binary pump; Water 2998 photodiode array detector; YMC Pak ODS column (20 × 250 mm, 5 µm); t R in min. HPLC solvents were purchased from Burdick & Jackson (USA).
Plant materials -The flower buds of M. biondii were purchased from Kyungdong traditional market in Seoul (February 2015) and identified by Professor Byung Sun Min at Catholic university of Daegu. It has been deposited at pharmacognosy laboratory (voucher no. 17AMG40) in the college of pharmacy, Kyungpook national university, Korea.
Extraction and isolation -The dried flower buds of M. biondii (9.0 kg) were extracted three times refluxing with MeOH (3 h × 4 L) at 60 o C. The filtered MeOHsoluble part was concentrated in vacuo to obtain brown residue (1.2 kg) which was suspended in water and partitioned with organic solvents, then afford extracts of chloroform (591.7 g), ethylacetate (EtOAc, 28.2 g), and aqueous extract (580.1 g), successfully. Chloroform-soluble extract was chromatographed on a silica gel vacuum liquid chromatography (VLC) and eluting with a gradient mixture of methylene chloride (MC):hexane (3:7 → 1:0) and EtOAc:MC (1:99 → 1:19) to afford nine fractions (MB-1 to MB-9). Fraction MB4 (78.8 g) was chromatographed on a silica gel VLC and eluting with gradient mixture of 5% to 20% acetone in hexanes to yield six fractions (MB4-1 to MB4-6). Fraction MB4-4 (15.4 g) was fractionated on a silica gel column with a stepwise gradient of 55% to 60% acetone in hexanes to afford six fractions (MB44-1 to MB44-6). Fraction MB44-3 (751.1 mg) was purified using preparative HPLC (6 mL/min, 60 min) with gradient mixture of 60% to 90% MeOH in water to afford compounds 10 (2.0 mg, t R = 38.4 min) and 8 (3.8 mg, t R = 45.1 min). Fraction MB4-5 (36.0 g) was chromatographed on silica gel column with gradient of 15% to 55% EtOAc in hexanes to afford seven fractions (MB45-1 to MB45-7). Fraction MB45-6 (2.3 g) was subjected to reversed phase gel column chromatography and eluting with gradient mixture of 45% to 55% acetone in water to afford six fractions (MB456-1 to MB456-6). Fraction MB456-5 (20.6 mg) was purified using preparative HPLC (6 mL/min, 60 min) with gradient elution of 60% to 90% MeOH in water to afford compounds 5 (1.0 mg, t R = 33.5 min), 6 (7.8 mg, t R = 35.1 min), and 7 (2.1 mg, t R = 36.8 min). Fraction MB5 (42.0 g) was chromatographed over silica gel column with a gradient mixture of 5% to 20% acetone in hexanes by using VLC to afford seven fractions (MB5-1 to MB5-7). Fraction MB5-4 (3.2 g) was further subjected to reverse phase gel column chromatography with gradient elution of 40% to 50% MeOH in water to afford seven fractions (MB54-1 to MB54-7). Fraction MB54-3 (1.3 g) was separated by RP-C18 with gradient elution of 50% to 70% MeOH in water to afford nine fractions (MB543-1 to MB543-9). Fraction MB543-4 (10.0 mg) was purified by Waters HPLC (6 ml/min, 60 min) with gradient of 85% to 100% MeOH in water to obtain compound 3 (3.3 mg, t R = 21.3 min). Fraction MB543-5 (30.0 mg) was purified by using preparative Waters HPLC (6 ml/min, 60 min) with an isocratic elution of 58% acetonitrile(ACN) in water to afford compound 4 (6.9 mg, t R = 49.8 min). Compounds 1 (5.7 mg; t R = 35.5 min) and 2 (2.7 mg, t R = 43.5 min) were isolated from fraction MB54-7 (100.1 mg) by using Waters HPLC (6 ml/min, 80 min) with gradient mixture of 65% to 70% ACN in water. Fraction MB9 (176.5 g) was fractionated on a silica gel VLC and eluting with gradient mixture of 10% to 40% acetone in hexanes to gain six fractions (MB9-1 to MB9-6). Fraction MB9-5 (60.3 g) was chromatographed on silica gel column and eluting with gradient mixture of 20% to 90% acetone in hexanes to yield nine fractions (MB95-1 to MB95-9). Fraction MB95-5 (8.3 g) was separated on silica gel column using a gradient elution of 1% to 5% MeOH in MC to afford nine fractions (MB955-1 to MB955-9). Fraction MB955-1 (178.6 mg) was isolated by using preparative HPLC (6 mL/min, 60 min) with gradient mixture of 40% to 70% MeOH in water to afford compound 11 (3.5 mg, t R = 49.3 min). Fraction MB955-6 (2.4 g) was subjected to reversed phase column chromatography and eluting with a stepwise gradient of 40% to 50% MeOH in water to afford compound 9 (613.4 mg). Tables 2  and 3 .
Denudadione A (10) − Viscous oil; 1 H and
13
C NMR data, see Tables 2 and 3 .
Magliflonenone ( Cell viability assay − Jurkat T cells (3 × 10
5
) were seeded in a 24 well-plate and incubated with isolates (1 -11) for 24 h. After incubation, cells (180 µl) were added with MTT solution (20 µl, 5 mg/ml). After 2 h of incubation on 37 o C incubator, cells were centrifuged and supernatants were taken out. 150 µl of DMSO were added and incubated for 15 min on RT. After incubation, absorbance was detected in 590 nm wavelength.
Result and Discussion
The MeOH extract of dried flower buds of M. biondii was partitioned into chloroform, EtOAc-, and watersoluble fractions. Chromatographic purification of chloro- , and maglifloenone (11) 19 by comparing their physicochemical and spectroscopic data with those reported in the literature (Fig. 1) .
The cytotoxic effects of 1 -11 were evaluated using an MTT assay and all isolated compounds were tested to inhibit of IL-2 production in Jurkat T-cells, which were stimulated with stimulated with PMA (200 nM) and A23187 (1 µM). Among tested neolignans (1 -11), denudatin B (4) showed strong inhibitory effect on production of IL-2 ( Fig. 2A) . The MTT assay indicated that none of the neolignans showed cytotoxicity in activated Jurkat Tcells at concentrations effective for the inhibition of IL-2 production (Fig. 2B) .
Denudatin B is an epimer of 5'-OCH 3 on kadsurenone which has been demonstrated to block platelet-activating factor (PAF) receptor 12 . PAF has been implicated as a mediator of inflammation and anaphylaxis
20
. Furthermore, denudatin B reported to have inhibitory effects on NO production through the decreased expression of the iNOS gene 21 and free radical scavenging activity
22
. Denudatin B from M. biondii which were traditionally used for allergy ) were treated with 50 µM concentrations of 1 -11 for 30 min and stimulated with PMA (100 nM)/A23187 (1 µM) for 6 h. After incubation, cells were harvested and total RNA was isolated from harvested cells. Human IL-2 mRNA levels were detected by conventional PCR. B) Jurkat T cells (3 × 10 5 ) were seeded in a 24 well-plate and incubated with 50 µM concentrations of 1 -11 for 24 h. After incubation, cell viability was examined by MTT assay. Data was shown as percentages compared to cell viability treated with Mock control.
disease were effective on inhibition of IL-2. The secretion of IL-2 triggers off allergic reaction 9 . The allergy has generally and/or occasionally attended by consequential inflammatory reaction.
Taken together, these findings support denudatin B to be used as a useful natural candidate for inflammation and allergy related activities on the further mechanism. Thus, our study suggests that denudatin B isolated from M. biondii may probably be used as an inhibitor of inflammatory and allergic diseases.
